To evaluate and compare the diagnostic performances of grayscale ultrasound (US) and quantitative parameters obtained from texture analysis of grayscale US and elastography images in evaluating patients with diffuse thyroid disease (DTD). Materials and Methods: From September to December 2012, 113 patients (mean age, 43.4±10.7 years) who had undergone preoperative staging US and elastography were included in this study. Assessment of the thyroid parenchyma for the diagnosis of DTD was made if US features suggestive of DTD were present. Nine histogram parameters were obtained from the grayscale US and elastography images, from which 'grayscale index' and 'elastography index' were calculated. Diagnostic performances of grayscale US, texture analysis using grayscale US and elastography were calculated and compared. Results: Of the 113 patients, 85 (75.2%) patients were negative for DTD and 28 (24.8%) were positive for DTD on pathology. The presence of US features suggestive of DTD showed significantly higher rates of DTD on pathology, 60.7% to 8.2% (p＜0.001). Specificity, accuracy, and positive predictive value was highest in US features, 91.8%, 84.1%, and 87.6%, respectively (all ps＜0.05). Grayscale index showed higher sensitivity and negative predictive value (NPV) than US features. All diagnostic performances were higher for grayscale index than the elastography index. Area under the curve of US features was the highest, 0.762, but without significant differences to grayscale index or mean of elastography (all ps＞0.05). Conclusion: Diagnostic performances were the highest for grayscale US features in diagnosis of DTD. Grayscale index may be used as a complementary tool to US features for improving sensitivity and NPV.
Introduction
Ultrasonography (US) is an easy, safe, and accurate imaging modality that is widely used for lesion detection, differential diagnosis, and for biopsy under imaging-guidance in various nodular diseases of the thyroid gland. Adding to nodule characterization, grayscale US features such as changes in parenchymal echogenicity, anteroposterior diameter or vascularity, coarse echotexture, and the presence of marginal nodularity has been reported to be helpful in the evaluation of diffuse thyroid disease (DTD). [1] [2] [3] [4] But while these grayscale US features may suggest the presence of DTD, this has its limitations in that it provides morphologic features only, and cannot reflect the intrinsic changes secondary to the disease course of DTD.
Effort has been made in obtaining additional information other than the morphologic features that can be used in lesion characterization, either using advanced technology or software. For example, elastography is nowadays popularly used which provides the intrinsic stiffness properties of the targeted tissue.
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Another example is texture analysis of US images, which is a technique that calculates the parameters computed from the distribution of pixels characterizing texture type and the underlying structure of objects shown in an obtained image. 8) These methods have been applied in characterization of masses of various origin, based on the concept that the additional information obtained enables more precise lesions characterization, therefore, mostly used in differentiating between benign and malignant lesions. 6, 7, [9] [10] [11] [12] [13] Both elastography and texture analysis of grayscale US may also be applied in the evaluation of DTD, and considering the quantitative values obtained from both methods, these may be a more objective analytic method in evaluating DTD compared to analyzing US features. A few studies have applied quantitative analysis based on texture analysis of grayscale US, real-time elastography (RTE), and shearwave elastography (SWE) in the evaluating of DTD. 2, [14] [15] [16] [17] [18] However, there were no studies that compared the diagnostic performances between texture analysis of elastography and grayscale US.
Based on this, we evaluated and compared the diagnostic performances using grayscale US features, quantitative parameters obtained from texture analysis of grayscale US and elastography images in evaluating patients with DTD.
Materials and Methods
This study is of a retrospective design, and has been approved by our Institutional Review Board (IRB).
Neither patient approval nor informed consent was required for review of medical records or images. were men.
All 113 nodules were included in our previous article which evaluated the diagnostic performances of quantitative histogram parameters using RTE in the diagnosis of patients with DTD.
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Grayscale US and Real-Time Elastography 
Histopathological Analysis
The classification regarding DTD was made based on the pathological reports after surgery. The pathologic criteria for thyroiditis at our institution include the presence of lymphocytic and plasma cell infiltrates, oxyphilic cells, formation of lymphoid follicles with germinal centers and atrophic changes of thyroid tissues. 14, 20) The inclusion of pathologic diagnosis of lymphocytic thyroiditis or diffuse hyperplasia was considered positive for DTD, while if there was no mention of lymphocytic thyroditis in pathology reports, they were considered negative for DTD.
Statistical Analysis
Clinicopathological features were compared between patients positive for DTD and negative for DTD.
In the analysis using the presence of US features in evaluating DTD, patients were considered negative on US if there were no US features present while they were considered positive on US when 1 or more US values were calculated and compared using DeLong method.
P value of less than 0.05 was considered to indicate significant difference. Analysis was performed using SAS software (version 9.2, SAS, Cary, NC, USA). Histogram parameters which showed significant differences between patients with or without DTD in grayscale US and elastography were somewhat different; while correlation, uniformity, and entropy showed significant differences in grayscale US, mean showed significant differences in elastography. Correlation, uniformity, and entropy of co-occurrence matrix are parameters related to textural directivity, textural uniformity, and textural randomness, 14, 21) Mean values were higher in elastography regardless of DTD compared to mean of grayscale US ( Table   1) In conclusion, diagnostic performances were the highest for grayscale US features in diagnosis of DTD.
Grayscale index may be used as a complementary tool to US features for improving sensitivity and NPV.
